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Abstract 
Calluna vulgaris can and does grow in areas considered unsuitable for production of 
biomass crops. In the UK, Calluna vegetation is regularly controlled by burn 
management and if instead the lost biomass could be harvested would it represent a 
viable energy crop? This study used established techniques for other energy crops 
to assess the energy yield, energy efficiency and the greenhouse gas savings 
represented by cropping of Calluna under two scenarios; only harvested on the area 
currently under burn management; and harvested on the present total area of 
Calluna in the UK. The study can consider biomass potential across the UK and can 
include altitude changes. The study can show that Calluna would represent an 
efficient energy crop in areas where it would not be possible to revert to functioning 
peat bogs. The energy efficiency was 65 ±19 GJoutput GJ input
-1 with GHG savings of up 
to 11 tonnes CO2eqha
-1yr-1. When considered across the UK the potential energy 
production was up to 40.7 PJyr-1 and the potential greenhouse gas saving was upto -
2061 ktonnes CO2eqyr
-1 if the all Calluna could be brought into production and 
substituted for coal. 
                                                                 
* Corresponding author:fred.worrall@durham.ac.uk; Tel: +44 (0)191 334 2295; 
fax: +44(0)191 334 2301. 
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1. Introduction 
The UK government has committed to increasing the use of biomass for energy as 
part of its commitment to European Commissions 20:20:20 policy [1,2]. The UK 
Biomass Strategy estimates that the UK has the potential for 278 PJ yr-1 energy 
production from biomass equivalent to about 15 Mtonnes of dry biomass. The UK 
Biomass Strategy suggests that 22% of this target will be met from the production of 
ligno-cellulose crops and that equates to about 3500 km2 of land given over to 
production at rates equivalent to 9 tonnes of dry biomass ha-1. Most of this 
commitment will be met by the development of short rotation coppice (SRC) and 
growing of Miscanthus spp.  There are limitations on the development of these crops 
not least of which is that they may need to be planted on ground which has other 
productive uses. Bauen et al. [3] when plotting the spatially suitability of UK land for 
Miscanthus production showed that the UK uplands were unsuitable for any energy 
crop production. However, heather, Calluna vulgaris will readily grow in the UK 
upland regions. 
There are several reasons why Calluna vulgaris (henceforward referred to as 
Calluna) could represent an excellent biomass crop. Firstly, the burning of Calluna 
vegetation is a typical management strategy in the UK [4] and so available energy is 
already being lost. Second, the burning is conducted for a number of reasons to 
enhance the productivity of the environment. Calluna goes through a life cycle from 
pioneer through building to mature and finally degenerate [5]. Late stage mature and 
degenerate Calluna will blanket an environment which creates an unproductive 
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ecosystem because Calluna is not a preference food for grazers [6]; and it is poor 
forage for red grouse (Lagopus lagopus). Furthermore when it becomes dominant it 
lowers the biodiversity [7] and represents a large fuel store prone to wildfire [8]. 
Therefore, managed burning has been used primarily to break up stands of Calluna 
and by providing stands of mixed age to improve grazing (largely for sheep) and to 
provide shelter for nesting grouse in the old stands of Calluna next to young Calluna 
for forage. Managed burning has then had the added value of helping control 
wildfires by lowering fuel loads and providing fire breaks. Therefore, if burning of 
vegetation is occurring anyway then why not cut or crop this vegetation and use the 
available energy while still gaining from the benefits of burning to the environment? 
The use of Calluna has some advantages relative to other energy crop 
production. Firstly, Calluna grows naturally in a number of locations across the UK 
and thus does not have to be planted such as is the case for SRC or Miscanthus do 
wherever they are used. Second, it does not require artificial fertilisers or pesticides 
both of which are commonly used on other energy crops. Third, the removal of 
Calluna vegetation, all be it by burning, brings co-benefits and is presently used to 
enhance the productivity of an area. Similarly the removal of Calluna is a well-
established management in these areas and so already has a high degree of 
societal acceptance and Calluna moorland has an established cultural value. 
Fourthly, there is little other productive use of Calluna ecosystems especially in 
comparison to the lowland settings that would have to be converted to the production 
of biomass from Miscanthus or SRC. 
Managed burning of Calluna, especially, on peaty or organic rich soils has 
been shown to have detrimental effects. The managed burning of peat soils have 
been shown to lead to increased peat erosion [9].  Burning in other settings has been 
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associated with the development of water repellency that limits infiltration [10] which 
can in turn increase runoff proportion and frequency [11]. Immediately, after burning 
Worrall and Adamson [12] showed that burning, but not grazing, caused significant 
changes in soil water composition that were due to changes in the mixing of waters 
and their interactions, but not causing soil structural change. Of particular concern 
with respect to water quality has been the impact of managed burning upon water 
colour and dissolved organic carbon (DOC) as upland peat-covered catchments in 
the UK are a major water resource and water colour a major limitation in water 
treatment and some studies (e.g. [13]) have associated observed increases in water 
colour with increased use of managed burning in the uplands. 
Ultimately, a peatland exists because organic matter has preferentially 
accumulated and managed burning may have some detrimental effects upon this  
accumulation. Already noted is the potential for increased erosion which is an 
enhanced loss of particulate organic carbon, and the association between managed 
burning of peatlands and increased losses of dissolved organic carbon has been 
noted above. Although one co-benefit of managed burning is to decrease the 
number of wildfires in the environment it is also true that some managed burning will 
cause wildfires and so cause sudden losses of carbon to the atmosphere. Indeed 
any burning, managed or not, represents a release of carbon into the atmosphere. 
Calluna is not a peat-forming species and its presence may restrict the growth of 
other peat forming species such as sphagnum mosses. It is possible that managed 
burning may increase opportunities for the development of sphagnum mosses in the 
short term [7] but keep Calluna dominate in the longer term with detrimental effects 
upon peat and carbon accumulation. Garnett et al. [14] examined peat accumulation 
under three treatments (grazed/unburnt, grazed/burnt, and ungrazed/unburnt), 
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recalculating the data of [14] based upon all of their data, shows that the mean 
difference between burnt and unburnt treatments was 2.3 kg m-2 (not 2.48 as 
reported), this gives a mean effect of burning was an additional loss of carbon of 55 
tonnes C km-2yr-1 (not 73 tonnes C km-2yr-1 as reported).  However, [14] base their 
numbers upon peat and not carbon accumulation. Alternatively, [15] examined the 
contemporary flux of carbon from the same sites and although all plots were shown 
to be net sources of carbon to the atmosphere the inclusion of burning within the 
management of a site was to reduce this net source by 39 tonnes C km-2yr-1, i.e. 
managed burning represented an avoided loss of carbon compared to to the losses 
from Calluna-dominated peat ecosystem that is not under burn management. 
Furthermore, this avoided loss existed even when the loss of biomass during any 
burn was included. 
The discussion above is predicated on the basis that since managed burning 
of Calluna occurs that this management can be swapped for cutting and bailing of 
Calluna as an energy crop with the same or similar impacts. Unfortunately, there is 
very little literature on the impacts of cutting Calluna as opposed to burning and 
largely this study will have to assume that the impacts, benefits, disbenefits etc 
known for using burning as a management technique are true for harvesting the 
Calluna. Worrall et al. [16] compared cutting to burning of Calluna on a deep peat 
soil and found that relative to the control and burnt plots, cutting caused greater rises 
in the water table and decreased the soil water DOC concentrations. 
Therefore, this study aimed to answer two questions. Firstly, what is the 
potential energy available from using Calluna as an energy crop? And, what is the 
greenhouse impact of using Calluna as an energy crop? 
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2. Approach & Methodology 
 
2.1. Energy value of Calluna 
The energy available from Calluna is the balance between the energy available from 
the harvest minus the energy consumed in its production, harvest and transport. The 
available energy of the biomass will be: 
 
                                                          (i) 
 
Where: Area = the area of Calluna that can be harvested each year (ha yr-1); 
biomass = the biomass of Calluna per area (tonnes dry matter ha-1yr-1); harvest 
efficiency (dimensionless); and energy content (GJ tonnes dry matter-1). For Calluna 
in the UK it was possible to estimate each of these. This approach was considered 
relative to two scenarios that only the current area of burning was available for 
cutting for energy production, and secondly, that all the area of current Calluna 
would be available for energy production. 
 
Area of Calluna – estimates of the area of Calluna in the UK were taken from  
Countryside Survey ([17]-[19]). This number represents the area of heath 
environment which is not necessarily on peat soils nor in the uplands. The area of 
upland Britain currently under burn management varies depending upon study. 
Natural England [20] given as estimate of 16% of all English peatlands are under 
burn management; Defra [21] give a value of 18% of UK peatlands are currently 
under burn management; Worrall et al. [22] suggest that 21% of the Peak District 
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National Park was under burn management; and [23] suggest 40% of English 
peatlands had been burnt in the 5 years prior to 2000. Therefore, this study takes the 
range of 16 to 40% which given the area of UK peatlands would mean a range of 
2800 to 7000 km2 currently under burn management, and therefore, dominated by 
Calluna. However, managed burning of Calluna takes place on long rotations 
between 8 and 25 years, with the faster rotation occurring further south where 
Calluna growth rates are that much higher. Therefore, the area of Calluna currently 
burnt each year would between 112 to 875 km2. The total area of Calluna in the UK 
was taken as 30600 km2 with between 2700 to 4000 km2 in England and between 
950 and 3000 km2 in Wales ([17], [18]) and the vaste proportion of the remainder in 
Scotland. Using the Countryside Survey ([17]-[19]) it was possible to estimate area 
of Calluna in the climatic regions used (Table 1).  
 
Biomass – the maximum amount of biomass present when Calluna was burnt and so 
therefore the amount burnt each year or available to be harvested was taken as 
equal to the total Calluna biomass available on a site. There are several studies of 
Calluna growth rates in British settings (e.g. [24]). However, [6] present a model of 
biomass production of Calluna as part of modelling grazing for sheep. The model of 
[6] predicts Calluna productivity based upon a lapse rate where the lapse rate was 
adjusted for 10 distinct regions across the country (Figure 1) defined by the mean 
July temperature, the Calluna biomass produced per year (kg dry matter ha=1 yr-1) is 
given by:  
 
                           (ii) 
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Where: A = altitude of site (m above sea level); lr and zr = lapse rate constant for 
region r (Table 1). Equation (ii) means that this study can give regionalised results. 
 Using this approach it was not necessary to consider the burn frequency.  
Rather it was assumed that burning occurs as the Calluna biomass reaches steady-
state and then annual biomass production becomes the annual available fuel and it 
also then possible to predict required burn frequencies to achieve this. This 
approach does not mean that cutting of Calluna would have to be on plots larger 
than those typically used within managed burning rather than that area cut each year 
in each region is weighted by the productivity of that region. 
 
Harvest efficiency – the aboveground biomass present on a site would not be the 
amount that could be extracted, and indeed nor should be as Calluna can regrow 
from roots more rapidly that it can from seed. Studies of burning of Calluna have in 
effect estimated this efficiency by measuring the loss of biomass over a managed 
burn, the range of values that have been found are: 75 ± 9% [25]; 88 ± 2% [26]; 66 to 
88% [27]; 66 – 92% [28].  Therefore, this study used a value of harvest efficiency of 
between 66 and 92%.  
 
Energy content – the calorific value of Calluna was measured on a Parr 6200 bomb 
calorimeter. Samples of Calluna taken from across the UK were dried to 105oC so as 
to measure the moisture content and then milled to a sub-mm powder using a Spex 
6770 Freezer Mill. A sub-sample of known mass, typically 1g, then had the moisture 
content raised back to approximately 4% by weight before being combusted in the 
bomb calorimeter.  The 4% moisture does not detract from the calorific value but 
does aid the combustion process in the bomb and helps prevent sputtering of the 
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sample during the ignition process. The bomb calorimeter was calibrated and 
standardised on each run of samples using benzoic acid. 
 
The energy costs of Calluna harvesting would be relatively simple compared to those 
for a many other energy crops as there would be no seedling development; no 
fertilisers to manufacture or apply; likewise no pesticides to manufacture or apply; 
and furthermore, only one operation would be required per year (harvesting) as there 
would be no need for ploughing, planting or maintaining the crop. The energy costs 
were therefore limited to manufacture of the machinery, the harvesting process and 
the transportation of the harvested product. 
 
Machinery – it was assumed that the harvesting operation was carried out by flail 
and bailer drawn by tractors. It was assumed that other infra-structure to support the 
operation was already in place e.g. trackways. For the energy requirement of 
machinery we used the method of [29] as updated by [30] based upon that 
assumption that for cutting one tractor with bailer would be required which has a 
normal working life. 
 
Harvesting process - it was assumed that all the required machinery was kept on the 
estate office and would not require extra transportation to the site of harvesting. 
Studies of SRC or Miscanthus have tended to assume that all energy crops are 
grown within 2 km of the machinery base (often a farm – [31]) but for Calluna, which 
grows in more remote upland environments, this would be an underestimate and so 
we allowed for between 5 and 10 km travel to the harvest area, otherwise energy 
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consumption in harvesting was assumed to be equal to that used in SRC harvesting 
[30] – this is a conservative assumption relative to other biomass crops. 
 
Transportation – as with the harvesting process the physical locality of much of the 
Calluna means that it would not only be further from the machinery base but the 
machinery base, e.g. an estate office, will be further from sites of energy production. 
It was assumed that the site of energy production was between 100-200 km from the 
farm base.  A study such as [32] could assume as little as 30 km travel to the site of 
energy production. This study assumed that transport over the first 5-10 km was by 
tractor and by truck over the final 100 to 200 km. 
 
The energy efficiency of energy production from Calluna was then judged as the 
energy yield and energy efficiency: 
 
                   
         
        
 (iii) 
 
                                 (iv) 
 
Where: Energyout = the energy obtained from the biomass produced (GJ ha
-1yr-1); 
and Energyin = the energy expended in the production and delivery of the biomass 
(GJ ha-1yr-1). 
Note that in energy efficiency calculation there was no allowance made for the 
current activity on the ground. Inherent to our proposition was that Calluna could be 
a low impact energy crop because it was presently under a burning regime anyway, 
and therefore that was energy presently being lost. Equally, managed burning does 
11 
 
require energy expenditure through having machinery present and transport of 
workers to and from the site, but again it was the energy efficiency of the use of 
Calluna as an energy crop that was being measured. However, when calculating the 
greenhouse gas benefit of changing from managed burning to cutting of Calluna for 
biomass then the impact of the current activities was important. Second, in the terms 
of the energy potential of Calluna biomass production it was possible to produce 
values by per hectare for each of the 10 regions defined by [6] and for the UK as a 
whole based upon average numbers for production and weighted by the area of 
Calluna in each of the 10 regions 
 
2.2. Greenhouse gas benefit of Calluna energy production 
Unlike energy potential the greenhouse gas impact of Calluna cutting has to be 
judged relative to the other activities that can occur on the same ground. Given the 
scenarios discussed above then this study needed to understand the greenhouse 
gas budget of three other land-uses. First, this study considered the impact given 
that cutting will only replace current burning activity, and so therefore it was needed 
to estimate the greenhouse flux from managed burning. Secondly, to consider the 
greenhouse gas budget of cutting of Calluna relative to the greenhouse budget of an 
unburnt and uncut area of Calluna. Thirdly, for some areas of some regions Calluna 
there could be a viable greenhouse gas saving alternative to biomass production and 
that would be reversion to a functioning peat bog. Calluna is not a peat-forming 
species but many of the areas of Calluna in the UK are on deep peats, i.e. at some 
time they were dominated not by Calluna but by peat-forming species. Peat 
formation is generally a GHG sinking process (it is possible that it could be a net 
carbon sink but due to CH4 emissions be a net GHG source), therefore, using 
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Calluna as a biomass crop on a deep peat soil that could be a functioning peat bog 
represents a GHG saving foregone. 
 
Soil losses – there was only one complete study of the fluxes of carbon to and from a 
burnt Calluna-dominated peatland [15]. Clay et al. [15] measured the carbon budget 
of unburnt Calluna-dominated peatland to be 1560 kgC ha-1 yr-1 while for burnt 
Calluna-dominated peatland the budget was 1170 kgC ha-1yr-1. These budgets refer 
to the fluxes of carbon between periods of burning and so do not include the loss of 
biomass at the time of the burning. Equally, these budgets are given in terms of C 
and so a conversion factor of 3.67 was used to convert them to be in terms of CO2 
equivalents. 
 To estimate the peat formation sink foregone by the presence of Calluna on 
deep peat the modelling approach of [22] was used. The model of [22] when 
compared to its driving inputs has been used to derive the following lapse rate for the 
expected GHG sink (FCO2) of a pristine peat soil without any bare soil: 
 
76652.02  AFCO   r2 = 24%, n  =552
  (v) 
 
Where FCO2 = flux to atmosphere of GHG (kg CO2eq ha
-1yr-1); and A = altitude above 
sea level (m). All fluxes were judged relative to the atmosphere and so a negative 
value represents a sink of greenhouse gases from the atmosphere to the terrestrial 
biosphere. Equation (v) implies that peat soil at sea-level would be a net GHG sink of 
766 kg CO2eq ha
-1 yr-1 and that the GHG sink would decline at a rate of 0.52 kg CO2eq 
ha-1 yr-1 m of ascent-1. Equation (v) was applied across the same altitude range as 
the Calluna production model but could not be applied differently for different 
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regions. This approach also assumed that the Calluna was only on deep peat soil. 
This is a reasonable assumption when considering the scenario of biomass 
production of Calluna replacing the present area under burning management as 
most of this area would be on deep peat. The assumption will be less effective when 
considering the scenario of expanding biomass production of Calluna in to areas not 
previously burnt as these are more likely to be on areas of Calluna on shallow peat 
soils. In some regions of the country (e.g. Region 1) it is possible that Calluna will be 
on mineral soils where this approach could well be an overestimate - Calluna in 
region 1 (Table 1, Figure 1) would not be expected to be on peat soils . However, 
typical approaches to understand the change in soil carbon sequestration (e.g. [33]) 
work because the biomass crop is replacing other crops on agricultural soils, 
whereas in this study no crop is being replaced it is a management that is being 
changed. Assuming that peat is always present is the conservative assumption as 
greenhouse gas relase would be lower from organo-mineral, or mineral soils 
 
Loss during the burn – this was predicted as per the methods given above for 
predicting the available biomass available for cutting, i.e. applying the model of [6] it 
was possible to predict the biomass for each region and altitude. Therefore, the flux 
of greenhouse gas during the burn (Fburn) equals: 
 
                                            (vi) 
 
Where: Biomass = the annual Calluna production as predicted by equation (ii) (kg 
dry matter ha-1 yr-1); %C = the carbon content of Calluna; and burn efficiency = the 
proportion of biomass lost during the burn. The carbon content of Calluna was taken 
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as 50%. The burn efficiency was taken as equal to the harvest efficiency given the 
above discussion, after all the harvest efficiency was assumed to be equal to the 
percentage loss of biomass during burns compared to the pre-existing biomass.  
 
Sheep production – it is possible that as a result of expanding the area of Calluna 
that is under management for energy crops to greater than the area currently under 
managed burning there would bean increase in sheep grazing intensity. Sheep effect 
the carbon balance of a peat environment through 3 mechanisms. Firstly, through 
direct emissions, sheep eat vegetation and convert some of that to meat and wool  
which exported from the environment but they also convert some of that biomass 
into faeces and urine which is returned to the environment but in a form of carbon 
more readily turned over and lost to the atmosphere than the plant litter than that 
which would have formed and contributed to peat formation. Further, some the 
ingested vegetation is converted to CO2 and CH4 through processes of respiration 
and fermentation, these gases are lost to the atmosphere and CH4 is a more 
powerful greenhouse gas than CO2 [34]. Second, the grazers have an impact on the 
peat soil through trampling and loss of biomass. Trampling might increase runoff of 
water and so increase losses of carbon via fluvial pathways, and creation of bare soil 
and so therefore alter the GHG balance. Thirdly, in the presence of grazers there will 
be less biomass present on a site than if there had been no grazers and so the 
potential for litter production and hence peat formation is limited. The direct carbon 
fluxes from a breeding ewe were based upon the energy budget of a breeding ewe 
proposed by [35]. The indirect impacts of sheep grazing were predicted using the 
Durham Carbon Model [22] based on the results for water table change measured by 
[36] and the resting behaviour observed by [37] for sheep camping and resting. The 
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carrying capacity of each altitude for each of the 10 regions was predicted using the 
approach of [6], [38] and given 100% Calluna cover. The grazing intensity at the 
carrying capacity was used to estimate the potential additional grazing that could 
occur with an extension of management of Calluna – it was assumed that the 
vegetation available to the grazers was 100% Calluna prior to the extension of 
cutting management and 33% Calluna with 33% sedge and 33% grasses after 
cutting based upon the observations of [39].  
 
Machinery, harvesting and transportation 
The energy conversion rate of diesel was 44 MJ kg-1 and the its carbon content was 
taken as 86%, therefore given the energy consumption predicted above it was 
possible to estimate the GHG produced from the machinery production, harvesting 
and required for transportation of the production of Calluna for biomass. 
 
2.3. Energy conversion 
The study used two end-members of energy conversion. In terms of emissions 
efficiency coal has an energy content of 23 MJ kg-1 while natural gas has an energy 
content of 53.6 Mj kg-1. For coal the emissions factor is 112 g CO2eq MJ
-1 and for 
natural gas it is 63 g CO2eq MJ
-1. It was assumed that burning of Calluna biomass 
would not be as efficient as that of other more established fuels. For this study it was 
taken that 1kg dry matter of Calluna could substitute for 0.5 kg of coal or natural gas 
then the greenhouse gas saving due to burning Calluna as a substitute for fossil 
fuels could be made. Again this is a conservative assumption as it could be assumed 
that a direct substitution on an energy basis were possible. 
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3. Results 
3.1. Biomass of Calluna 
As predicted by equation (iii) and (iv) the dry production of Calluna shows a linear 
relationship with altitude (Figure 2), but the difference between regions across the 
UK also being marked. Calluna production was predicted to be greatest in the south-
east of England (Region 1) where at 300 m asl where production of almost 410 kg 
dry matter ha-1 yr-1 was predicted while at the same altitude in the north east of 
Scotland (region 10) was predicted to have a productivity of only 54 kg dry matter ha-
1 yr-1. Indeed, it was clear that the approach of [6] and [38] predicts that for many 
regions Calluna will not grow above certain altitudes and for the north east of 
Scotland (Region 10 – Figure 1) the approach suggests no Calluna above 400 m asl. 
 Given the biomass steady state predicted by [39] it is possible to convert the 
production graph into an expected burn frequency for each region, if it was assumed 
that burning occurs at the time when steady-state was just achieved (Figure 3). The 
results show that while burning as frequent as every 5 years would be possible at 
low altitudes in region 1, unrealistically long burning rotations are predicted at higher 
altitudes further north in the UK (eg. Regions 9 and 10 – Figure 3).  
 
3.2. Energy content 
The energy content of Calluna from across the regions of the UK was 18 Mj kg-1 
which is in line with values reported by [40]. 
 
3.3. Energy production 
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The median energy yield per year is shown in Figure 4, the mean average 
percentage error (MAPE) on these estimates was ±17%. It should be noted that for 
some regions where it was predicted that Calluna would grow (Figure 2) the energy 
yield was predicted to be negative, i.e. there is no energy return on harvesting 
Calluna in that region at that altitude: this occurs for region 10 in north east Scotland. 
At maximum production this approach predicts that Calluna could provide up to 57 
GJ ha-1 yr-1 with a median value of energy production when weighted by the area of 
Calluna in each region as 38 GJ ha-1 yr-1 which is equivalent to 1.7 tonnes of coal ha-
1 yr-1. The energy efficiency has a median value of 65 ± 19 GJ GJ-1. Whilst the yield 
of Calluna as a biomass crop was at the lower range of yield estimates, though still 
higher than forest thinnings and straw (Table 2), it has a very high energy efficiency. 
The low energy yield comes from the low biomass yield per annum, which is in turn 
the result of the long harvest rotation (up to several decades in the extreme case), 
however, the high energy efficiency comes from the lack of inputs and lack of 
additional working required. However, in some regions though the energy yield was 
on the order of 59 GJ ha-1 yr-1 and an energy efficiency of 100.  
Given the area of managed burning of Calluna in the UK it is then possible to 
estimate that present burning in the UK represents a median energy loss of 821 Pj 
yr-1 with an interquartile range of ± 38%, this is equivalent to 36 ktonnes of coal. 
However, the total capacity of UK Calluna if all of it were cropped within the ranges 
mentioned then the energy production would have median of 40.7 TJ yr-1 equivalent 
to 1700 ktonnes of coal yr-1 – this is 15% of the UK’s entire biomass energy target 
and 67% of UK’s target for lingo-cellulose crops and this achieved without taking any 
land out of production [1]. 
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3.4. Greenhouse gas emissions 
Given the lower flux of greenhouse gases from burnt as opposed to unburnt sites it 
was possible that burnt sites would have a lower GHG emissions without even 
considering cutting for biomass. The GHG emissions of burning were not found to be 
lower than unburnt sites for burn efficiencies of 92% (the upper value of burn 
efficiency considered by this study) but it was possible to estimate the burn efficiency 
at which managed burning would represent an avoided loss of GHG relative to not 
burning (balance point burning efficiency - Figure 5). The change in the burning 
efficiency that represent the balance point suggests that for the majority of regions 1 
through 4 burning would sti ll represent a loss of GHG relative to the unburnt case. 
Clay et al. [15] has noted this possibility that the loss during a burn could offset by 
reduced emissions between times of burning. Here it was predicted that it could 
occur at range of altitudes for a range of regions. However, it should be noted that 
this comparison does not include the flux of char involved in each burn. Char is 
highly refractory carbon and does not cycle into the atmosphere as fast as the plant 
litter that it replaces and so represents an additional carbon store not accounted for 
here that might make more areas of burning a net sink of GHG relative to unburnt 
Calluna. Clay and Worrall [26] found 4% of the biomass loss during a burn was 
converted into char and not into atmospheric gases – at 300m asl in region 1 4% 
char production in a burn would be equivalent to 396 kg CO2eq ha
-1 yr-1. Conversely, 
char production during managed burning would represent a lost energy production.  It 
should be noted that this comparison represents an avoided loss, i.e. both unburnt 
and burnt Calluna both represent sources of GHGs but it is possible that burnt areas 
lose less than unburnt areas.  
19 
 
 Comparing GHG saving for cutting on land that would presently be burnt and 
substituting it for natural gas used gave a median saving of -9.9 tonnes CO2eq ha
-1 yr-
1 with an MAPE of ±19%, the range across altitudes and regions was from -5.8 
tonnes CO2eq ha
-1 yr-1 in north east Scotland at 400m asl to -14.4 tonnes CO2eq ha
-1 
yr-1 at 350 m asl in Region 1 (Figure 6), but it should be noted that Region 1 is the 
region least likely to have any Calluna under burn management. The GHG saving 
from cutting Calluna for biomass on land not presently burnt is -7.7 tonnes CO2eq ha
-
1 yr-1 with an MAPE of ± 5% and a range of -6.1 to -9.9. The other saving from 
introducing cutting into previously unburnt Calluna was not only due to substitution of 
current releases from burning but also due to expected increase in sheep grazing 
possible when increased clearance of Calluna was considered. 
 When comparing to substitution for coal a median saving of -11.0 tonnes 
CO2eq ha
-1 yr-1 with an MAPE of ±30% was estimated, the range across altitudes and 
regions was from -5.8 tonnes CO2eq ha
-1 yr-1 in north east Scotland at 400m asl to -
17.6 tonnes CO2eq ha
-1 yr-1 at 350 m asl in south west England (Figure 7). The GHG 
saving from cutting Calluna for biomass on land not presently burnt is -8.7 tonnes 
CO2eq ha
-1 yr-1 with an MAPE of ± 20% and a range of -6.1 to -12.3.  
 When considering the case of Calluna production upon areas which could be 
functioning peat bog then the picture was considerably different. For the case of 
substituting for natural gas on ground that is presently burnt the net GHG sink would 
be -8.2 tonnes CO2eq ha
-1 yr-1 with an MAPE of ±19%. When it is substitution for coal 
then the net sink improves to -9.2 tonnes CO2eq ha
-1 yr-1 with an MAPE of ±30%. But 
in comparison to ground that had not previously been burnt and that could be 
functioning peat bog the median GHG sink was only -0.4 tonnes CO2eq ha
-1 yr-1 with 
an MAPE of ±41%, and for coal substitution -1.4 tonnes CO2eq ha
-1 yr-1 with an 
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MAPE of ±96%. As the small magnitude and larger error on these latter values 
implies that for many altitudes and regions the production of Calluna as a biomass 
crop would no longer represent a net GHG sink on deep peat which could be a 
functioning peat bog. The predicted GHG saving from Calluna harvesting compares 
favourably with those estimated for Miscanthus and SRC ([33], [41] – Table 2).  
Given the area of burning and distribution of Calluna in the UK it is then 
possible to estimate that present burning in the UK represents a median GHG saving 
of 321 ktonnes CO2eq yr
-1 with an interquarti le range of ±39%, but when substituted 
for coal rather than natural gas then this would be 338 ktonnes CO2eq yr
-1. However, 
the total capacity of UK Calluna if all of it were cropped within the ranges mentioned 
then the GHG saving when substituting for natural gas would have median of 1844 
ktonnes CO2eq yr
-1 within an IQR of ±38%, when the substitution is for coal this 
increases to 2061 ktonnes CO2eq yr
-1 within an IQR of ±40%. However, the area of 
Calluna that is on peat soils capable of being functioning peat bog and that has not 
previously been under burn management is not known. 
 
4. Discussion 
This study has shown that because Calluna is presently grown and managed but not 
utilised for its energy value it represents a highly efficient biomass crop. The study 
has been deliberately conservative in a number of ways. Firstly, it is likely that the 
most productive sites, i.e. those at low altitude are also likely to be the ones nearest 
the site of machinery and potentially nearest the sites of energy production, i.e. the 
energy yield and efficiency and yield of these sites would be greater than predicted 
here. Secondly, we have assumed that sheep grazing will occur at the carrying 
capacity of the site and that if cutting was introduced than grazing intensity would 
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increase, again this is the conservative assumption taken to maximise the GHG 
disbenefits of cutting Calluna. 
 This study does not represent an environmental impact assessment of 
biomass production from Calluna; it has limited itself to consideration of energy 
production and greenhouse gas savings. Studies of the environmental impact of 
biomass production do exist for the UK and for a range of biomass crops [41]. There 
are perhaps several important considerations with respect to cutting as opposed to 
burning, or cutting of previously unburnt Calluna. Firstly, there has been a heated 
debate in the literature regarding the water quality impacts of burning of Calluna on 
peat soils. Studies differ in their spatial and temporal scales as well as the particular 
flow pathways they consider.  At the plot scale, [42] and [43] found no significant 
difference in DOC concentrations in soil waters between burnt and unburnt sites 
while [35] and [44] showed a significant decrease in DOC concentration in soil water 
on burnt sites compared to unburnt sites. At a catchment scale burns more than 4 
yrs old, or those on soil types other than blanket peat, show no observed effect on 
water colour (not DOC) in catchment drainage ([12], [44], [45]).  In total or partly 
blanket peat catchments, however, [12], [44] found a significant positive relationship 
between the area of new burn (typically <4 yrs old) on b lanket peat and 
drainage water colour (not DOC).  However, [45] also note increases in DOC 
concentration in a range of peat-covered, English catchments, including ones where 
there was burn management, but observed changes were independent of burning 
and the variation in increase was larger than that observed by [44]. Clay et al. [46] 
showed in a series of burns over a 9 year period that burning significantly increased 
water colour over the 4 years after a burn but not subsequent to that, but crucially 
there was no significant difference due to burning on the DOC concentration over the 
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entire 9 year period, i.e. many of studies above could be reconciled if this difference 
between water colour and DOC was considered. It is a moot point as to whether a 
what company would be more concerned with high water colour or high DOC 
concentration. 
Second, the impact of Calluna management upon peat soils when Calluna is 
not a peat-forming species. This has been considered within this study by 
considering the GHG emissions of biomass cropping of Calluna compared to a 
reversion to functioning peat bog and in which case the saving due to the presence 
burning means that it would still be a risk-free approach to GHG saving on land 
where Calluna is on deep peat there was no present burning. Again this is a 
conservative assumption and it was assumed that reversion to functioning peat bog 
would be possible and it would occur at zero grazing. With climate change it is likely 
that peat bogs in this country will progressively transition from sinks to sources [47] 
and so the time course of the GHG saving is likely to shift and shift in favour of 
biomass production from Calluna. However, the study does suggest that if Calluna is 
to be considered as a biomass crop then the first choice of areas would be those 
where Calluna is presently under burn management on soils other than on deep 
peat. Given the area of Calluna-dominated land and the area of deep peat in the UK 
suggests there would be 12000 km2 of Calluna not on peat soils. Furthermore, these 
soils might be expected to be at lower altitudes and more likely to form a greater 
proportion of the Calluna-dominated land in the warmer regions (eg. Region1). 
 This study was not an economic analysis of the production of biomass from 
Calluna. Again economic analyses of biomass production in Europe do exist and 
tend to show that biomass production from Miscanthus and SRC is comparable to 
wood chip costs (e.g. [49]). But the study has shown that the energy loss from the 
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current area of managed burning (821 PJ yr-1) is greater than the current UK 
government target for ligno-cellulose biomass production [1]. Anderson et al. [50] 
estimated that SRC willow in Scotland could produce up to 8.8 GW of energy 
through electricity and combined heat and power, but the present energy loss due to 
managed burning of Calluna is 26 GW.  
 
5. Conclusions 
The study has considered the use of Calluna vulgaris as a biomass crop and shown 
that: 
i) Calluna has the potential to be a high efficiency if low energy yielding 
biomass crop because it does not requires the same degree of agricultural 
inputs (eg. fertilisers) that other biomass crops require. 
ii) Calluna has a median, area-weighted energy production of 38 Gj/ha/yr at a 
median energy efficiency of 65 ± 19 GJoutput GJinput
-1. 
iii) The median GHG saving for substitution for natural gas was -9.9 tonnes 
CO2eq ha
-1 yr-1 or -11.0 tonnes CO2eq ha
-1 yr-1 when substitution for coal is 
considered. 
iv) Burning management in the UK represents an annual energy loss of 821 ±  
PJ yr-1, but if the entire area of Calluna in the UK were brought into energy 
production the energy yield of 40.7 PJ yr-1 would be possible. 
v) The total GHG saving for biomass production from the area currently 
under burn management would be -338 ktonnes CO2eq yr
-1 for coal 
substitution, but upto 2061 ktonnes CO2eq yr
-1 when all the potential area 
of Calluna is considered. 
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However, for areas of previously unburnt Calluna where there would be the 
possibility of reversion to a functioning peat bog then reversion to functioning 
peat bog and cropping for biomass production would represent the greatest  GHG 
saving. 
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Fig. 1. Location of the climate regions proposed by [6] based upon average July 
temperature.  
 
Fig. 2. Calluna productivity with changing altitude for the regions defined within the 
study. 
 
Fig. 3. Time to steady state biomass with altitude and region. 
 
Fig. 4. Energy yield of produced Calluna with changing altitude and region. 
 
Fig. 5. The balance point burn efficiency at which managed burning would represent 
an avoided loss of greenhouse gases (GHG) compared to not burning. The 
balance point burning efficiency is compared varying altitude and region. 
 
Fig. 6. The greenhouse gas (GHG) saving with altitude and region when substituted 
for energy production from natural gas. 
 
Fig. 7. The greenhouse gas (GHG) saving with altitude and region when substituted 
for energy production from coal. 
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Table 1. Lapse rate constants (lr, zr) for region r (Figure 1) adapted from [6]. 
Region lr zr Area (ha) 
1 0.88 -462.87 41603 
2 0.90 -361.05 34070 
3 0.92 -263.85 84190 
4 0.95 -171.27 202940 
5 0.97 -83.32 627658 
6 1.00 0.00 510709 
7 1.03 78.7 470580 
8 1.06 152.77 999143 
9 1.09 222.22 48974 
10 1.13 287.05 40129 
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Table 2. Energy yield and energy efficiency of a range of common bioenergy crops in 
comparison to the results from this study for Calluna vulgaris. Where numbers in brackets 
refer to citations. 
Crop Energy yield (GJ 
ha-1 yr-1) 
Energy efficiency Source 
Calluna 38 63 This study 
Wheat 111 6.7 [30] 
Rape 89 6.2 [30] 
Potatoes 87 3.0 [30] 
Sugar beet 163 7.0 [30] 
Logging residues 5.2 29 [30] 
Straw 35 23 [30] 
Miscanthus 279 32 [51], [52] 
Willow 243 78 [52] 
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Table 3. The reported GHG savings for a range of  common bioenergy crops in comparison 
to the results from this study for Calluna vulgaris. Where numbers in brackets are citations. 
Crop GHG saving 
(tonnes CO2 ha
-1
 yr
-
1) 
Source 
Calluna -5.8 to -17.6 This study 
Miscanthus 4 to -5 [33] 
Willow -3 to -4 [33], [41] 
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Fig. 3. 
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Fig. 4. 
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Fig. 5. 
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Fig. 6. 
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Fig. 7. 
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